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Abstract 
This paper shows an innovative and low temperature fabrication technology for crystalline silicon (c-Si) solar cells where the 
highly-doped regions are punctually defined through laser processed dielectric films. Phosphorus-doped silicon carbide stacks 
(SiCx(n)) and aluminium oxide/silicon carbide (Al2O3/SiCx) stacks are used for the creation of n+ and p+ regions respectively. 
These films provide excellent surface passivation on both n- and p-type substrates with effective surface recombination velocity 
below 20 cm/s. Moreover, a wide laser parameter window for laser processing them leads to low recombination highly-doped 
regions that show emitter saturation current densities of 21 and 113 fA/cm2 for n+ and p+ emitters respectively. All this is 
combined in the DopLa (Doped by Laser) cell structure whose fabrication process can be reduced to wafer cleaning, film 
depositions, laser processing and metallization. As a proof of concept, 1x1 cm2 solar cells were finished on both p- and n-type 
substrates with promising results. The analysis of loss mechanisms shows that optical losses and technological issues in the 
translation of surface passivation from the solar cell precursors to the final device are limiting efficiency. Both are not inherent to 
DopLa structure and suggest room for improvement in these devices. On the other hand, the crucial role played by ohmic losses 
in the proposed structure is identified. These ohmic losses arise from the fact that both base contacts and emitter regions are 
defined in point-like patterns. Firstly, base contacts are defined in a 1 mm pitch square matrix introducing additional series 
resistance that can be reduced by using low resistivity substrates. Secondly, the emitter consists of laser processed local 
diffusions with an inversion layer emitter in-between characterized by very high sheet resistances. The ohmic losses introduced 
by this induced emitter are closely linked to the fixed charge density located at the dielectric/c-Si interface. As a result, we 
conclude that low resistivity n-type substrates fit better to DopLa cell concept because emitters are based on Al2O3/SiCx stacks 
which have higher fixed charge density, i.e. inversion layer emitters with lower sheet resistances, than their SiCx(n) counterparts. 
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1. Introduction 
In recent years, the use of laser processes to create doped regions into crystalline silicon (c-Si) has attracted the 
attention of the photovoltaic community. This approach can significantly reduce time and energy consumption in the 
fabrication process of a c-Si solar cell and could be a straightforward way to develop high-efficiency c-Si solar cell 
concepts based on point-like base contacts and/or emitters. Very different approaches have been reported. For 
example, the n+ emitter can be formed in the whole cell surface by scanning it with a laser beam and using a spin-on 
dopant as a doping source [1-2]. Local point diffusions have been also proposed [3-4] and more complicated patterns 
can be defined by guiding the laser radiation into a chemical liquid jet [5]. Additionally, taking advantage of the 
easiness of laser for 2-D processing, the formation of selective emitters by means of a laser beam has been also 
studied taking advantage of the phosphosilicate glass grown on c-Si surface during the conventional diffusion [6-7]. 
Alternatively, dielectric layers deposited at low temperature can be also used as dopant sources. These layers have 
the advantage that, if correctly tuned, they can simultaneously work as c-Si surface passivating layers and reduce 
optical reflectance. Following this idea, phosphorus-doped silicon nitride films have been used for the creation of 
front selective emitters by means of a laser [8]. Moreover, ref. [9] reports on laser processed phosphorus-doped 
silicon carbide (SiCx) films that are applied to the rear side of n-type solar cells. In this case, apart from surface 
passivation, SiCx films improve internal rear reflectance. 
Recently, our research group has developed two laser processes on dielectric layers that fulfill all these 
requirements. On the one hand, for the creation of n+ regions, we have developed a laser process of a phosphorus-
doped SiCx film stack that has been successfully applied to the rear contact of heterojunction solar cells [10]. On the 
other hand, for the creation of p+ regions, laser processed Al2O3/SiCx stacks have been used as local p-type base 
contacts with excellent results [11-12]. In this work, we combine these two techniques for the creation of a new 
approach for c-Si solar cell fabrication called DopLa (Doped by Laser) cell where all the highly-doped regions are 
created by means of laser processed dielectric films. This new concept allows the fabrication of a fully low 
temperature (< 400ºC) solar cell with a very simple fabrication process, whose main steps are reduced to: cleaning, 
film depositions, laser processing and metallization. In addition, the same fabrication technology can be applied to 
both n- and p-type substrates just by turning around the position of the dielectric films as it can be observed in figure 
1,(a). 
In DopLa structures, the emitter regions are the responsible for the collection of minority carriers. An inversion 
layer in-between emitter regions is expected to be induced by the fixed charge at the dielectric/c-Si interface (SiCx 
typically shows positive charge densities on p-type substrates [13-14] while Al2O3 is characterized by high negative 
values [15]). Although these inversion layer emitters could help, maximum lengths between emitter regions for an 
efficient carrier collection are in the range of hundreds of microns. Consequently, high shadowing losses would 
appear if the emitter regions are located at the front surface and contacted by a finger-like pattern [16]. This penalty 
is avoided if the emitter is located at the rear side of the cell where all the emitter regions can be contacted by a 
continuous metal film (see figure 1,(a)). This structure has been extensively studied by our research group through 
2D simulations [17] paying special attention to the distance between emitter regions and concluding that distances 
shorter than 500 μm are necessary to achieve high carrier collection efficiencies. Recently, solar cells with inversion 
layer rear emitters based on laser processed Al2O3 films have been reported with an excellent efficiency of 18.1% 
demonstrating the potential of these structures [18]. 
2. Experimental 
For the fabrication of the solar cells, we used both 2.8 cm n-type and 0.4 cm p-type FZ c-Si substrates. The 
fabrication process was the same in both cases and the only difference is the position of the dielectric films as it can 
be seen in figure 1,(a). We started by a complete RCA cleaning sequence but leaving at the c-Si surface the oxide 
grown (15 Å) in the last H2O2+HCl+H2O (1:1:7) bath. Then 50 nm Al2O3 films were symmetrically grown by 
Atomic Layer Deposition (ALD) technique (Savannah S200 Cambridge Nanotech) using Tri-Methyl Aluminium 
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(Al(CH3)3) and water (H2O) vapour as film precursors. After film deposition, we annealed the samples at 375 ºC for 
20 minutes in order to increase the negative fixed charge density located at the Al2O3/c-Si interface. Next, on one 
surface we deposited a 50 nm-thick amorphous silicon carbide film (SiCx) by PECVD (direct plasma, 13.56 MHz 
from ElletroRava S.p.A.) with SiH4 and CH4 as precursor gases. This film has a refractive index of 2.0 at = 633 nm 
indicating stoichiometric composition. After this step, we stripped the Al2O3 on the other surface by an HF dip (1%, 
20”) and then a phosphorus-doped SiCx stack is deposited directly on c-Si surface. This SiCx stack (referred as 
SiCx(n) from now on) consists of a Si-rich intrinsic SiCx passivating film (~4nm), a phosphorus-doped amorphous 
silicon film (~15nm) and a stoichiometric SiCx film (n = 2.0, 75 nm) for anti-reflection purposes. In order to create 
the n+ and p+ regions we used a Q-switched Nd:YAG laser (StarMark SMP 100II Rofin-Baasel) emitting at 1064 nm 
in TEM00 mode that simultaneously enabled the diffusion of the dopant atoms and opened the dielectric for contact 
formation. Laser powers of 0.9 and 1.0 W were used for processing Al2O3/SiCx and SiCx(n) films respectively 
leading to laser spots with a diameter of about 50 μm. At the front surface of each cell a square matrix of laser spots 
with 1 mm pitch was defined while at the rear surface a hexagonal matrix with pitch values ranging from 250 to 350 
μm was created. Finally, we metallized both surfaces and the finger-like structure on the front surface was defined 
by means of photolithography and wet etching of the metals. The structure of the final device and a picture of one of 
the 1x1 cm2 finished solar cells are shown in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 (a) DopLa cell structure; (b) picture of a finished 1x1 cm2 DopLa cell. 
 
3. Results and discussion 
3.1. Surface passivation 
 
In order to determine the effective surface recombination velocity (Seff) at passivated surfaces of DopLa cells, we 
symmetrically deposited the Al2O3/SiCx and SiCx(n) stack on p- and  n-type substrates and the dependence of 
effective lifetime (eff) on excess carrier density was measured by photoconductance method (Sinton WCT-120). The 
obtained curves are plotted in figure 2,(a). In such samples, Seff can be determined by properly subtracting the bulk 
recombination. Due to the high quality of the used substrates, we only consider intrinsic bulk recombination 
processes, i.e. radiative and Auger recombination, described by an intrinsic lifetime (int) following reference [19]. 
We use eff value at 1 sun-illumination, indicated by an arrow in figure 1,(a), to calculate a Seff value applying 1/eff 
=1/int +2Seff/w, where w is the wafer thickness (284 and 280 μm for p- and n-type substrates respectively). As it can 
be observed in Table 1 where the calculated Seff are shown, good quality surface passivation is achieved in all cases, 
particularly for the n-type substrates where 1 and 3 cm/s are obtained for Al2O3/SiCx and SiCx(n) respectively. This 
difference is attributed to the lower doping density of these substrates in comparison to the p-type ones. 
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     Table 1. Seff values of c-Si substrates passivated by SiCx(n) and Al2O3/SiCx stacks. 
 p-type 
0.45 cm 
n-type 
2.8 cm 
SiCx(n) 20 cm/s 3 cm/s 
Al2O3/SiCx 9 cm/s 1 cm/s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Effective lifetime vs. excess carrier density for symmetrical samples covered by SiCx(n) and Al2O3/SiCx stacks. Lines are the 
corresponding intrinsic lifetime considering Auger and radiative recombination. (b) Inverse effective lifetime vs. excess carrier density for 
symmetrical samples where a point-like emitter is created on one side with a pitch of 300 μm. Lines are the best fit of the experimental data 
leading to Joe values of 21 fA/cm2 and 113 fA/cm2 for n+ and p+ emitters respectively. 
 
3.2. Laser process optimization 
 
Once surface passivating properties are demonstrated, a laser process to create high quality n+ and p+ regions must 
be developed. After a thoroughly study of the influence of laser parameters, we concluded that laser power is the 
most important parameter while frequency and number of pulses per spot play a secondary role. Then, we explored 
the quality of laser doped regions with laser powers ranging from 0.8 W to 1.4 W, slightly above of the ablation 
threshold of the films, by measuring dark J-V characteristics of n+/p and p+/n junctions made from SiCx(n) and 
Al2O3/SiCx stacks respectively. We chose to characterize p/n junctions because they are more sensitive to any 
disarrangement of the doped regions than high/low-doping junctions. Thus, we fabricated hexagonal test matrixes 
with 300 μm of pitch and a total area of 0.18 cm2. An ohmic contact was created at the rear surface of the wafer 
while on the front side each matrix was coated with a 0.25 cm2 metal layer to extract electrical current. The dark J-V 
characteristics were measured at 25 ºC and in all cases current density is calculated dividing the measured current by 
the total matrix area. 
Figure 3 shows dark J-V characteristics for p+/n and n+/p diodes created by laser processing dielectric stacks. As it 
can be seen, all diodes have rectifying factors over 3 orders of magnitude with a clear exponential trend at mid-
injection. Additionally, the quality of the diodes is very similar in all cases indicating that a wide laser parameter 
window is available to create the highly doped regions. In order to evaluate the quality of the exponential current 
mechanism, we can calculate the local ideality factor (nloc) as nloc= J/[(J/V)·Vt], where Vt is the thermal potential. 
In the insets of figure 3,(a) and 3,(b) we show nloc values for the corresponding sample with 0.9 W, but very similar 
results are obtained for all the explored laser power range. As it can be seen, the minimum nloc value obtained is well 
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below 2.0 indicating that recombination at the space charge region, i.e. crystal damage created by the laser doping 
process, is not the main recombination mechanism in the devices. In fact, ohmic losses prevents nloc to go closer to 
1.0 as it is discussed in section 3.3 where we show suns-Voc measurements of finished solar cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Dark J-V characteristics of test diodes created by laser processing (a) Al2O3/SiCx stacks on n-type substrates; (b) SiCx(n) stacks on p-type 
substrates. 
 
In order to know the saturation current density of the emitter regions (Joe), we measured effective lifetime on n- 
and p-type substrates that were symmetrically coated by Al2O3/SiCx and SiCx(n) stacks respectively. From this 
measurement the surface recombination velocity of the passivated surfaces (Spas) is calculated. Then, on one side of 
the sample we defined a square matrix with 300 μm pitch and 0.9 W and effective lifetime was measured again. In 
order to calculate Joe, we apply the method proposed by Kane and Swanson [20] where Joe can be extracted from the 
slope of the 1/eff vs. n plot at high injection once the effect of all recombination mechanisms except for the one 
related to the emitter are subtracted. In our case we apply: 
 
 
  
 
where all the symbols have their usual meaning. The obtained results are shown in figure 1,(b). It must be mentioned 
that in this case the p-type substrate used was of 1.5 cm instead of 0.4 cm so as to reach more easily high 
injection conditions. As it can be seen, the experimental data follows the expected straight line with Joe values of 21 
and 113 fA/cm2 for n+ and p+ emitters respectively. 
On the other hand, the developed n+ and p+ regions can be also used as high/low doping junctions to contact c-Si 
substrates of the same type. This application was already reported by our research group in ref. [10] and [11] where 
similar laser processes are explored resulting in Seff values of 2·104 and 1.5·103 cm/s at the p+/p and n+/n contacts 
respectively. Thus, the excellent quality of surface passivation and of the laser process pave the way to the 
fabrication of cost-effective solar cells. 
 
3.3. Solar cells results 
 
Photovoltaic figures of the fabricated cells measured under standard conditions (AM1.5g, 100 mW/cm2, 25ºC) are 
shown in Table 2. Additionally, pseudo Fill Factor (pFF) calculated from suns-Voc measurements is also shown. 
Despite that values shown in Table 2 are far from the state of the art of c-Si solar cells, the results of these proof-of-
concept devices demonstrate the viability of the structure. In the following paragraphs, an analysis of loss 
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mechanisms is reported in order to identify the main efficiency limitations and, what is more important, to identify 
the efficiency losses related to the structure itself and to technological issues that can be improved in future devices. 
 
Table 2. Photovoltaic figures of DopLa cells with different rear pitch 
 Pitch 
(
m) 
Jsc 
(mA/cm2) 
Voc 
(mV) 
FF 
(%) 
pFF 
(%)
 
(%) 
 250 25.5 634 72.4 82.1 11.6 
 300 24.8 635 66.5 81.8 10.5 
 350 25.2 635 59.7 82.3 9.6 
 250 29.3 627 69.8 81.9 12.8 
 300 29.4 624 69.2 82.2 12.7 
 350 29.5 624 64.7 81.7 11.9 
 
Focusing on optical losses, we measure front reflectance for both types of devices. As it can be seen in figure 4 
where typical reflectance curves are shown, the minimum value for both devices is about 12 %. This value can be 
attributed to the dense metal grid. We used 110 μm wide fingers (see figure 1,(b)) to solve alignment issues between 
metallization mask and laser spots resulting in a shadowing factor beyond 12 % when the central bus bar is included. 
In addition, the non-texturized front surfaces increase the optical losses in the fabricated devices. Although these 
optical losses significantly impact on the Jsc (a Jsc loss can be calculated by integrating device reflectance multiplied 
by AM1.5g leading to 9.0 and 10.5 mA/cm2 for n- and p-type devices respectively), they are not intrinsically related 
to the DopLa structure and can be strongly reduced by improving the fabrication technology.  
On the other hand, optical absorption of dielectric films deposited on top of the devices, Al2O3/SiCx stack on p-
type samples and SiCx(n) on n-type ones, is relevant to envisage the potential of DopLa structure. To obtain optical 
absorption (A), we deposited the dielectric films on glass and measured the optical transmission (T) and reflectance 
(R). The absorption of the films is calculated as A = 1 - T – R, once the glass absorption is taken into account and the 
results are also plotted in figure 4. Regarding SiCx(n) stack results shown in figure 4,(a), the Si-rich films (~19 nm) 
included in this stack have a significant absorption up to  = 600 nm increasing the loss in Jsc by 1.5 mA/cm2 more 
for the n-type solar cells. On the other hand, Al2O3/SiCx stack only has significant absorption for  < 450 nm that 
comes from the stoichiometric SiCx film with a minimum loss in Jsc of 0.15 mA/cm2 (see ref. [21] for a detailed 
study of the optical absorption of these stacks). Although the Jsc loss for SiCx(n) stack is assumable, further efforts 
will be paid in future works to reduce the optical absorption of this stack. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. EQE, IQE and solar cell reflection at the front surface of DopLaCell devices on both (a) n-type and (b) p-type substrates; measured 
absorption of dielectric layers deposited at the front surface of each cell , (a) SiCx(n) and (b) Al2O3/SiCx, is also shown. 
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Once the optical losses have been analyzed, we focus on the electrical losses, i.e. carrier recombination. Figure 4 
shows typical External and Internal Quantum Efficiency (EQE and IQE) curves of the cells on both type of 
substrates under short-circuit conditions. As it can be observed for n-type substrates, high IQE values of about 90 % 
are obtained beyond = 600 nm demonstrating the excellent front surface passivation for these devices. In fact, this 
IQE level can be explained by a front Seff of about 65 cm/s as deduced from PC-1D simulations of a rear emitter cell 
of the same thickness. This Seff value agrees well with the surface passivation and contact recombination velocity 
deduced in the previous sections once the model proposed by Fischer for a point-like contacted surface is applied 
[22]. It must be mentioned that the decrease in IQE for the shorter wavelengths is not related to recombination losses 
but to the absorption of the Si-rich films at the front surface, not included in the IQE calculation where only 
reflection losses are considered. 
On the other hand, p-type substrates show flat and lower IQE values indicating that a worse front surface 
passivation is responsible of the lower Jsc values. Device modeling points out to Seff values of about 700 cm/s [23]. 
This relatively poor surface passivation compared to the one measured in cell precursors (Seff < 50 cm/s) could not be 
attributed to the laser process, since even with no passivation at the base contacts Seff values below 100 cm/s would 
be expected following the model proposed in ref [22]. We think that the loss of surface passivation could be related 
to the metallization process made by e-beam evaporation. Recent results have shown that this technological step 
jeopardizes dielectric passivation and an additional annealing is necessary to recover it [24]. A partial recovery of 
this damage produced to the Al2O3/SiCx stack could be behind the high front Seff values for p-type substrates. For the 
n-type solar cells, this detrimental effect would take place at the rear surface with negligible impact on Jsc. However, 
it could be responsible of the relatively low Voc values compared to the expected ones deduced from the surface 
passivation of the cell precursor (implied Voc = 721 mV before laser processing) and Joe values shown in the previous 
section. From this analysis, we can conclude that further research is needed to translate the surface passivation 
demonstrated in the cell precursors to finished devices.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Real and pseudo J-V curves for DopLa cells fabricated on (a) p-type and (b) n-type substrates; (inset) local ideality factor calculated from 
the pseudo J-V curves. 
 
Finally, we focus on FF losses. As it can be seen in Table 2, FF decreases for longer pitches on both substrates 
with a particular dramatic drop for p-type ones while pFF values deduced from suns-Voc measurements are beyond 
81% in all cases. From suns-Voc measurements, a dark pseudo J-V without ohmic losses can be calculated assuming 
a linear relationship between the light intensity and the photogenerated current. Figure 5 shows typical dark pseudo 
J-V and real dark J-V curves for a direct comparison of fabricated devices with 250 μm pitch. While both overlap for 
V < 0.5V, the difference between them increases beyond this point. We calculate the local ideality factor (nloc) of the 
pseudo J-V curve and show it in the insets of figure 5. For p-type substrates a nloc = 1.0 is obtained for V > 0.65 V 
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while nloc values between 1.1 and 0.9 can be found for n-type substrates with V ranging from 0.55 to 0.65 V (the 
lower nloc values measured for n-type substrates at high injection levels could be related to Auger recombination 
which is characterized by nloc = 2/3). These data suggest that a current mechanism with an ideality factor of 1.0 is 
present on both substrates with a saturation current density estimated from the pseudo J-V curves of 460 and 731 
fA/cm2 for p- and n-type substrates respectively. Again, device recombination is higher than the expected from the 
results reported in previous sections and the nloc ≈ 1.0 indicates that the main recombination paths are located at the 
quasi-neutral c-Si bulk. All these results agree with the hypothesis that the poor surface recombination provided by 
the Al2O3/SiCx stack for the fabricated devices could be the dominant recombination mechanism. 
Based on this result, we must conclude that the final FF values are limited by ohmic losses. We can model them 
as a lumped series resistance (Rs) that can be calculated from the difference between pFF and real FF applying [25]: 
 
 
 
 
The obtained values are plotted in figure 6,(a). As it can be seen, p-type substrates show a linear relation between 
Rs and pitch. This trend can be explained by carrier flowing along the inversion layer induced in-between emitter 
doped regions. As it was mentioned above, an inversion layer is created at the rear surface similarly to a channel of a 
Metal Oxide Semiconductor transistor. That means that carrier flow is confined to the first nanometers close to the c-
Si/dielectric interface with a reduced mobility. Although sheet resistance (Rsh) of this emitter is strongly dependent 
on the fixed charge density (Qf), injection level and substrate resistivity, typical values are much higher than 
conventional diffused emitters resulting in ohmic losses that increase linearly with pitch. For example, in reference 
[18] inversion layer emitters based on Al2O3 with Qf= -4·1012 cm-2 are considered leading to a strongly inverted 
surface; however, in that work Rsh values of 16 k/sq are reported being reduced to 1-5 ksq when injection level 
increases due to illumination. In our case for p-type substrates with SiCx(n) films, a Qf value of +4.3·1011 cm-2 is 
deduced from device simulation [23]. As a result, surface is depleted under dark conditions and an inversion layer 
appears when sample is illuminated with Rsh in the 25 k/sq range, assuming free electron mobility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) Dependence of Rs on pitch for both p- and n-type substrates; (b) Experimental data (symbols) and theoretical curve (line) of 
Capacitance-Voltage measurements of MIS structure with Al2O3/SiCx stack on n-type substrates. 
 
For n-type substrates, a more favorable scenario is found when inversion layer emitters are based on Al2O3/SiCx 
due to its high negative Qf value. We measured 1 MHz Capacitance-Voltage characteristics of 
Metal/Insulator/Semiconductor (MIS) structures with Al2O3/SiCx stack on n-type substrates. The experimental data 
normalized to the geometrical capacitance of the insulator (Ci) is shown in figure 6,(b) and fitted by conventional 
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MIS model [26] leading to Qf values of -2.3·1012 cm-2. As a consequence, a stronger inversion layer emitter is 
formed and lower Rs values are obtained for long pitches, as shown in figure 6,(a). 
Finally, if ohmic losses due to inversion layer were dominant for n-type substrates, a linear dependence of Rs on 
pitch would be expected as it was the case for the p-type substrates. The relatively high resistivity (2.8 cm) of the 
n-type substrates combined with the 1 mm front pitch for the base contacts has an important impact on Rs. Using the 
equation proposed by Fischer for a point-like base contact [22], the resulting value is 2.6 cm2 which explains the 
high Rs values found for short pitches, once contributions of metal paths and contact resistances are considered. 
Thus, low resistivity substrates are preferred for DopLa cell structures. Additionally, given the high negative Qf 
value of Al2O3/SiCx stacks, which is able to create inversion layer emitters even in highly doped substrates, we can 
conclude that n-type substrates fit better to DopLa cell concept. 
With the results obtained from these proof-of-concept devices, we have demonstrated the viability of the novel 
DopLa cell structure and we have acquired fruitful information about the limitations inherent to cell structure and the 
issues to address in order to improve cell efficiency. Next steps will be related to reduce optical losses and, 
particularly, to the translation of the surface passivation from the cell precursor to the final device.  
4. Conclusions 
In this work we present a new c-Si solar cell structure based on laser processing of dielectric films, particularly 
SiCx(n) and Al2O3/SiCx stacks for the creation of n+ and p+ regions respectively. We demonstrate that these layers 
can provide excellent c-Si surface passivation while simultaneously work as dopant sources for laser doping process. 
Laser process optimization shows that there is a wide laser parameter window that leads to low recombination p+ 
and n+ regions. As a proof of concept of the structure we fabricated 1x1 cm2 solar cells on both p- and n-type 
substrates with promising results, taken into account that they have a non-texturized front surface and a non-
optimized front grid. Additionally, Voc values are reduced by a poor surface passivation provided by the Al2O3/SiCx 
stacks in the fabricated devices due to technological problems. Finally, suns-Voc measurements show that ohmic 
losses are limiting FF mainly related to two mechanisms. On the one hand, these losses come from the inversion 
layer emitter induced in-between laser processed emitter regions. In this case, the emitters based on Al2O3/SiCx 
stacks are more favorable due to their higher Qf values. On the other hand, the 1 mm pitch square matrix used for the 
front base contacts introduces also a significant series resistance strongly linked to the base resistivity. For these 
reasons, we can conclude that low resistivity n-type c-Si substrates fit better to DopLa cell concept. 
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